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SOIL MOISTURE AND CLAY MEASUREMENT OF
VOLCANICLASTIC SOILS OF WESTERN NEBRASKA
N. B. Stolpe, D. T. Lewis,
G. A. Uzochukwu, and S. L. Hartung
Department ofAgronomy,
University ofNebraska-Lincoln,
Lincoln, NE 68583-09J5
Abstract. Several soils of western Nebraska have exhibited unusually high
water content at 15 bars tension (an estimate ofthe water content where plants
begin to wilt) relative to thepercent measured clay. These same soils are known
to form in volcanically derived sediments. The objective of the study was to
identifY a mineralogical cause for the discrepancy. Representative samples
from the Busher, Epping, Keith, Mitchell, Otero, and Tripp soils were collected
and characterized to determine the relationship between soil moisture and
measured clay contents. Calculated ratios of soil water content at 15 bars
tension to the percent measured clay equaled or exceeded 1.0for samplesfrom
all soils and suggested the presence ofvolcanic glass and associated minerals
in the soils. Detailed mineralogical analysis of the Mitchell and Tripp soils
indicated thepresence ofunmeasured clay coatings on sandandsilt sizedgrains
ofvolcanic glass and other soil minerals. The unmeasured clay contributed to
the total surface area ofthe soils and therefore contributed to the high contents
ofsoil water at 15 bars tension.
Introduction
Western Nebraska lies in the middle ofthe High Plains section ofthe Great
Plains physiographic province (Yost et al. 1968). Mean annual precipitation is
36 to 43 em, and the mean annual air temperature is 8.9"C (Elder, 1969).
Elevations range from 1,148 to 1,500 m above sea level in Scotts BluffCounty
(Yost et al. 1968), and 1,060 to 1,402 m above sea level in Morrill County
(Helzer et al. 1985). The area has dissected topography, caused by regional
uplift and downward stream cutting that began 5 million years ago, with
sandstone and siltstone outcrops at higher elevations and colluvial or alluvial
sediments at lower elevations (Swinehart et al. 1985). Several soils have formed
94
Volcaniclastic Soils of Western Nebraska 95
in sediments that have been reworked by wind or water. The soils often exhibit
unusually high contents of soil water at 15 bars tension (an estimate of the soil
water content at which plants begin to wilt) (Brady 1974) relative to the percent
ofmeasured clay. Since clay minerals tend to have a high surface area to adsorb
water, soils with high contents ofclay should have proportionally high contents
ofsoil water. The western Nebraska soils with disproportionately high contents
of soil water may be affected by mineralogical characteristics of the local
geologic outcrops since the mineralogy of soils may be inherited from older
geologic deposits (Jackson 1965a).
The Miocene age Gering sandstone and Oligocene age Brule siltstone that
outcrop in many areas ofthe Nebraska Panhandle (Burchett 1986) contain over
25 and 50% volcanic glass shards, respectively (Pabian and Swinehart 1979).
The pyroclastic materials probably were derived from past sources of volcanic
activity in Colorado (Swinehart et al. 1985). Gering sandstone generally
consists of grayish-brown to gray sandstones, silty sandstones, and locally
occurring ash beds. Brule siltstone underlies the Gering sandstone and typically
includes brown colored sandy siltstones, siltstones, and mudstones (Swinehart
et al. 1985). Grains of volcanic glass, quartz, and feldspars within the
formations are commonly fused together with smectite clay, silica, or calcite
cements (Stanley and Benson 1979).
Soils that are common to the area include Busher (coarse-loamy, mixed,
mesic Torriorthentic Haplustolls), Epping (loamy, mixed (calcareous), mesic,
shallow Ustic Torriorthents), Keith (fine-silty, mixed, mesic Aridic Argiustolls),
Mitchell (coarse-silty, mixed (calcareous), mesic Ustic Torriorthents), Otero
(coarse-loamy, mixed (calcareous), mesic Ustic Torriorthents), and Tripp
(coarse-silty, mixed, mesic Aridic Haplustolls) (Yost et al. 1968; Helzer et al.
1985). All of the soils have been formed in materials derived from the local
geology that contains relatively high amounts ofvolcanic glass. Keith soils form
in loess that may be underlain by Brule siltstone. Mitchell soils develop in
colluvial deposits below the escarpments, and Tripp soils form in old alluvium
on stream terraces (Yost et al. 1968). Busher soils develop in materials
weathered from fine grained sandstone. Epping soils form in materials weath-
ered from siltstone, and Otero soils form in colluvial-alluvial sediments (Helzer
et al. 1985). Most areas ofthe Keith, Mitchell, and Tripp soils are irrigated and
produce com, sugar beets, and potatoes, but dry-land areas are used to produce
winter wheat (Yost et al. 1968). Busher, Epping, and Otero soils generally are
used for rangeland since they form on moderate to strongly sloping topographic
positions and because bedrock may be relatively shallow from the soil surface
(Helzer et al. 1985).
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Based on areal extent alone the respective soils are important components
ofagricultural systems in western Nebraska. The combined area ofthe Busher,
Epping, Keith, Mitchell, Otero, and Tripp soils is approximately 371,000 acres
or 27% of Scotts Bluff and Morrill Counties. Better understanding of the
physical and chemical properties of the soils facilitates better management
decisions for agricultural systems of western Nebraska. The purpose of this
research therefore was to determine whether the anomalously high water
contents at 15 bars tension in the Busher, Epping, Keith, Mitchell, Tripp, and
Otero soils were related to the presence of volcanic glass in the soils, or an
associated mineral that is commonly found in geologic outcrops of the area.
Materials and Methods
Soil Sampling
Soil maps were studied to locate large areas of Busher, Epping, Keith,
Mitchell, Tripp and Otero soils. Field investigations were conducted within the
respective areas to determine the range of observable properties for each soil.
A representative site for each soil was then selected for detailed analysis of
physical and chemical properties. The Tripp and Mitchell soils were sampled
in Scotts Bluff County, while the other soils were sampled in adjacent Morrill
County. Soil morphologies were described (Soil Survey Staff 1981) and
samples were collected from each soil horizon (Soil Survey Staff 1982).
Physical and Chemical Analysis
The soil samples were air dried, crushed with a metal roller, and passed
through a 2 mm sieve. Soil water content at 15 bars tension (also referred to as
the -15 bar water content) was determined using a pressure plate apparatus (Soil
Survey Staff 1982). Soil pH was measured with a 1: I mixture of soil and water
(McLean 1982). Organic carbon content was measured using the Walkley-
Black procedure (Nelson and Sommers 1982). Surface area of the soils was
estimated based on the amount of retention ofethylene glycol monoethyl ether
(EGME) (Heilman et al. 1965).
Particle size analysis was measured using the pipette method (Soil Survey
Staff 1982). The procedure removed organic matter from 10 gram soil samples
using 30% HP2' and dispersed the clay particles by shaking overnight in 200
mL (NaP03)6 (2.9 x 10-3 M) - Na2C03 (3.8 x 10-3 M) solution. Sand content was
measured as the quantity ofsoil particles that did not pass a 0.05mm mesh sieve,
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and the contents of silt and clay were determined by using a sedimentation
column and a pipette to sample a suspension of soil «0.05mm) and water at
specified depths and time intervals. Finer clay particles have slower sedimen-
tation times than larger silt particles. The removed aliquots were oven dried and
weighed to determine the respective contents of silt and clay in a soil sample
(Kilmer and Alexander 1949).
Ratios of -15 bar water content to the percent measured clay were
calculated to determine the extent of clay dispersion during particle size
analysis. Poor dispersion is generally indicated by ratio values above 0.6.
Values above 1.0 suggest the presence ofvolcanic ash and associated minerals
(allophane, imogolite etc.) that do not readily disperse in particle size analysis
(Soil Survey Staff 1975). Poor dispersion of clay particles results in underes-
timation of the clay content for a soil since some of the clay particles may be
aggregated and settle faster with the silt particles in the sedimentation column.
The water content at 15 bars tension, and the ratio of the water content to the
percent measured clay, will therefore be relatively high because the unmeasured
clay still contributes to the total surface area and the associated water content
of the soil.
Cation exchange capacity (CEC) was determined on whole soil samples
using BaCl2-triethanol-amine (TEA) (Pratt and Holowaychuk 1954) and atomic
absorption spectrometry (Baker and Suhr 1982). CEC is a measure of the net
negative charge from clay minerals and organic matter of a soil sample and
reflects the ability ofthe soil to retain and exchange cations (nutrients) with soil
solution.
Mineralogical Analysis
The Tripp and Mitchell soils were selected for detailed mineralogical
analyses. The soils were treated to completely separate the sand, silt and clay
fractions by removing inorganic carbon with pH 5 CH3COONa, organic matter
with H20 2' and Fe oxides with Na3C6HS0 7 and Na2S20 4. The soils were dispersed
using 2% Na2C03 solution and the sand, silt and clay fractions were separated
using sieving and centrifugation (Jackson 1956). CEC was determined on the
separated fractions by saturation with 1 M KCl (pH 7) and replacement with 1
M CH3COONH4 (pH 7) (Jackson 1965b).
Mineralogy of the fine silt (20-2 11m) and clay fractions «211m) was
determined through x-ray diffraction of oriented mounts on glass slides. The
separate fractions were Mg saturated and glycerol solvated, or K saturated and
either air dried, heated to 300·C, or heated to 500·C (Jackson 1956). The
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samples were analyzed with a Rigaku Geigerflex x-ray diffractometer, with a
chart recorder. The unit was set at 40 kV and 30 rnA across the x-ray tube (Cu-
K alpha radiation), and the scan speed was 8°2 amin- I .
Density separations were performed on the sand and coarse silt particle
size fractions to facilitate mineralogical identification. Heavy minerals (>2.85
g cm-3) were separated from light minerals «2.85 g cm-3) by differential settling
in bromoform. Magnetite was separated from the heavy minerals using a magnet
and the magnetite was weighed (Matelski 1951; Soil Survey Staff 1982).
Mineral grains were mounted in gelatin on a glass slide (Fairbairn 1943) and a
petrographic microscope was used to identify and count six hundred mineral
grains on each slide (Soil Survey Staff 1982).
Light grains «2.85 g cm-3) of sand and silt were mounted onto aluminum
stubs with double stick tape (Jackson 1956) and coated with gold in a Denton
vacuum sputter coater. The samples were analyzed for morphological charac-
teristics in a Cambrige Stereoscan 90B scanning electron microscope (SEM).
The SEM was set at 15 kV, with 14 mm working distance between sample and
detector. The magnification range was 3,500 to 7,000X.
Results and Discussion
The soils exhibited a wide range of physical and chemical properties
(Table I). Organic carbon content ofsurface samples was highest in the Epping
soil and lowest in the Otero soil. The content oforganic carbon decreased with
depth for all soils. Soil pH increased with depth in all soils except the Otero soil
which had relatively high pH throughout the profile. Soil pH was primarily
affected by a general increase in calcium carbonate with depth, but the Otero soil
was calcareous throughout the soil profile (not shown). Particle size analysis
indicated that the sand content was highest in the Otero and Busher soils,
intermediate in the Tripp soil, and lowest in the Epping, Keith and Mitchell soils
(Table 1). Clay content as measured with the pipette method was highest in the
Mitchell and Keith soils and lowest in the Busher, Epping and Otero soils.
Surface area of the soils was highest in the Mitchell and Keith soils and
lowest in the Busher, Otero, and Tripp soils (Table 1). CEC was highest in the
Mitchell soil with lower values in the Epping, Tripp, Busher, and Otero soils.
CEC data was not available for the Keith soil. Surface area and CEC of whole
soil samples tended to follow similar trends and probably were related to the
total clay content of the soils. The total clay content would include the clay
minerals less than 2.0 J.1m that were measured during particle size analysis
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TABLE 1
PHYSICAL AND CHEMICAL PROPERTIES OF SEVERAL SOILS OF WESTERN NEBRASKA
Soil Organic pH Surface CEC
'
Sand Silt Clay -15 Ratio'
and Carbon Area Bar
Depth Water
illQ (cmol(+))
(em) (%) (g) (kg) (%)
Busher
0- 15 1.2 6.9 49.8 8.9 70.6 19.5 9.9 4.8 0.5
15- 28 0.9 7.2 60.6 12.2 67.8 21.5 10.7 6.2 0.6
28- 48 0.5 7.6 82.4 12.9 68.5 19.1 12.4 6.6 0.5
48- 66 0.5 8.0 72.6 13.0 70.8 20.6 8.6 6.0 0.7
66- 104 0.3 8.2 68.4 12.9 70.5 23.8 5.7 5.9 1.0
Epping
0- 8 2.4 7.4 80.1 21.4 37.5 52.8 9.7 10.9 1.1
8- 25 1.0 7.8 94.7 22.7 34.4 55.6 10.0 10.5 1.1
25- 38 0.8 7.9 93.8 21.3 32.5 57.4 10.1 9.7 1.0
Keith
0- 15 1.3 6.9 98.9 N.A.' 28.9 51.4 19.7 10.5 0.5
15- 28 1.0 6.9 116.2 30.2 48.8 21.0 11.8 0.6
28- 41 0.7 7.6 122.0 29.9 50.9 19.2 11.4 0.6
41- 64 0.6 7.5 121.3 30.6 51.5 17.9 11.0 0.6
64- 76 0.5 8.0 117.3 31.7 51.8 16.5 11.9 0.7
76- 97 0.3 8.1 102.9 36.9 48.8 14.3 11.3 0.8
97- 152 0.2 8.2 92.5 39.7 51.3 9.0 9.5 1.1
Mitchell
0- 20 1.3 7.8 116.6 25.6 26.1 50.7 29.2 14.0 0.6
20- 28 1.2 7.8 127.8 25.0 25.5 49.3 27.2 9.6 0.4
28- 38 0.9 7.8 103.2 25.8 22.3 51.7 26.0 14.0 0.5
38- 53 0.6 7.9 138.9 26.2 21.0 62.0 17.0 13.6 0.9
53- 81 0.5 7.9 186.5 24.4 22.5 60.0 17.5 13.4 0.8
81- 109 0.4 7.9 162.6 26.4 21.4 60.9 17.7 16.1 1.0
109- 155 0.2 7.0 185.8 25.8 22.5 60.2 17.3 15.3 0.9
Otero
0- 23 0.5 8.1 38.9 8.3 82.8 8.7 8.5 4.0 0.5
23- 41 0.4 8.3 39.4 8.4 80.8 8.1 11.1 3.7 0.3
41- 84 0.3 8.4 39.6 8.6 69.2 25.0 5.8 3.9 0.7
84- 142 0.3 8.3 49.3 10.4 86.1 6.2 5.7 4.9 0.9
142- 152 0.3 8.3 57.8 12.0 71.4 23.7 4.9 5.9 1.2
Tripp
0- 15 0.9 7.6 46.1 19.4 52.6 31.4 16.0 9.6 0.6
15- 28 0.8 7.5 50.9 19.1 56.2 31.3 12.5 9.5 0.7
28- 53 0.5 7.5 42.3 19.2 59.7 24.3 16.0 9.6 0.6
53- 84 0.3 7.9 48.5 19.5 56.4 24.6 19.0 11.4 0.6
84- 122 0.2 8.11 49.9 21.4 45.8 45.2 9.0 11.9 1.5
122- 132 0.2 8.1 50.4 19.0 46.4 44.7 8.9 10.0 1.2
'CEC = Cation exchange capacity.
, Ratio = -15 bar water content/clay content.
, N.A. = Not available.
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TABLE 2
MINERALOGY OF SAND AND COARSE SILT FRACTIONS OF THE MITCHELL
AND TRIPP SOILS
Total -------- Total Light Minerals -----------
Soil Heavy (<2.85 g em")
and Minerals' Volcanic
Depth (>2.85g em") Glass Feldspars Quartz Unknown2
(em) -------------------------------------(%)---------------------------------
Mitchell
0- 20 2.8 38.4 15.1 30.5 16.0
20- 28 2.9 40.8 16.2 29.1 13.9
28- 38 3.0 42.1 16.0 30.0 11.9
38- 53 2.9 45.6 15.8 32.4 6.2
53- 81 2.8 51.8 15.6 28.4 4.2
81- 109 3.0 52.2 14.8 28.2 4.8
109-155 3.0 48.1 15.2 30.0 6.7
Tripp
0- 15 2.9 30.5 15.8 46.4 7.7
15- 28 3.0 32.8 16.0 40.2 11.0
28- 53 2.8 31.6 14.4 45.9 8.1
53- 84 3.0 26.0 14.8 48.0 11.2
84-122 3.0 40.2 15.8 37.6 6.4
122-132 2.9 30.6 18.5 40.7 10.2
'Heavy minerals include magnetite, amphibole, pyroxene, apatite, olivine, epidote, and
tounnaline.
2Unknown minerals were those grains that were weathered so strongly that their optical
properties could not be used in mineral identification.
(Table 1) and also any unmeasured and nondispersed clay minerals that may
have been associated with sand and silt sized particles.
The -15 bar water content was highest in the Mitchell soil and lowest in the
Otero soil (Table 1). The general increase ofthe -15 bar water to clay ratios with
depth (Table 1 and Fig. 1) suggested that deeper samples of the soils were
somewhat more difficult to disperse. Lower values near the surface ofthe soils
suggested weathering caused the disintegration of surface aggregates of clay
particles or the removal ofclay particles from larger silt and sand grains in the
soils. The ratios above 1.0 indicated that all soils were affected by the presence
of volcanic ash and associated minerals that were difficult to disperse.
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TABLE 3
CATION EXCHANGE CAPACITY OF THE SAND, SILT, AND CLAY FRACTIONS
OF THE MITCHELL AND TRIPP SOILS
Data is from composite samples for each main horizon.
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--------------(emol(+) kg" )----------------
Soil
and
Depth
(em)
Sand
Cation Exchange Capacity
Silt Clay
Mitchell
0- 31
51-152
Tripp
0- 25
41- 64
109-135
7.7 12.9 93.2
13.4 18.7 103.8
3.8 5.8 97.6
4.1 7.1 93.0
7.8 10.7 96.3
Detailed mineralogical analysis ofthe Mitchell and Tripp soils using x-ray
diffraction indicated mica as the dominant clay mineral in the fine silt fractions
for both soils (x-ray diffractograms not shown). Expandable 2: 1 clays with
unknown mineralogy (vermiculite or smectite) also were present in the fine silt
fraction of both soils. Smectite was the dominant mineral in the clay fractions
of the Mitchell soil at all depths with lesser amounts of mica, kaolinite and
quartz. Smectite and mica were dominant in the clay fractions of the upper
horizons of the Tripp soil with lesser amounts of kaolinite and quartz. The
mineralogy of the clay fractions of the lowest horizon of the Tripp soil was
similar to the clay fraction mineralogy of the Mitchell soil.
Petrographic microscopy determined that the mineralogy ofthe sand and
coarse silt fractions primarily consisted of volcanic glass and quartz for the
Mitchell and Tripp soils (Table 2). The soils also contained feldspars with lesser
amounts of magnetite, amphibole, pyroxene, apatite, olivine, epidote and
tourmaline. Although petrographic microscopy is the accepted method for the
identification and quantification of the mineralogical composition of sand and
coarse silt fractions ofsoils, it is not useful to identify smaller clay minerals that
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Soil Depth versus -15 Bar Water to Clay Ratios
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Figure 1. Regression of soil depth versus -15 bar water to clay ratio for the Busher,
Epping, Keith, Mitchell, Otero, and Tripp soils.
may be associated with the coarser fractions. Other methodologies such as CEC
and SEM of the coarser fractions were therefore required.
Both the Mitchell and Tripp soils exhibited CEC from the silt and sand
fractions that indicated the presence of nondispersing clay minerals in those
fractions (Table 3). CEC ofthe sand and silt fractions increased with depth and
paralleled the general increase ofthe ratios of-15 bar water to percent measured
clay (Fig. 1). Smectite clay coatings were observed on shards ofvolcanic glass
and on other minerals within the sand and silt fractions ofthe Tripp and Mitchell
soils using SEM. Volcanic glass from the Mitchell soil was porous and coated
with smectite on the surfaces and within the pores (Fig. 2). Volcanic glass from
the Tripp soil was not as porous and had less clay coverage than shards from
the Mitchell soil (not shown). Both soils contained 5 ~m platelets of unknown
mineralogy that were cemented together and onto the surfaces oflarger mineral
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Figure 2. Scanning electron micrograph of smectite coatings on a silt-sized shard of
volcanic glass from the subsurfaceofthe Mitchell soil. SEM parameters: magnification
3,350; 15 kV; working distance 14 mm.
grains: The SEM observations suggested that the relatively high contents of ·15
bar water ofthe soils were more related to the smectite coatings on the volcanic
glass than the volcanic glass itself. The primary effect of the volcanic glass in
the soils probably was to provide a source of silica for smectite formation and
cementation that has been observed in the regional outcrops ofGering sandstone
and Brule siltstone.
Correlation analysis of -15 bar water contents to the measured properties
ofthe Busher, Epping, Keith, Mitchell, Otero, and Tripp soils indicated that -15
bar water content was negatively correlated to sand content, and positively
correlated to CEC (whole soil), silt and clay contents, and surface area (Table
4). Correlation with CEC and surface area suggested that-IS bar water ofsoils
is affected by total clay content (including the unmeasured clay associated with
the sand and silt fractions), while correlation to the measured silt content
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TABLE 4
CORRELATION OF -15 BAR WATER TO MEASURED PROPERTIES OF THE
BUSHER, EPPING, KEIrn, MITCHELL, OTERO AND TRIPP SOILS
Soil Property
Correlation of -15 Bar Water Content to Soil Properties
Correlation Significance
(r) (al2 = 0.05)
Organic Carbon
Soil pH
Cation Exchange Capacity'
Sand Content
Silt Content
Clay Content
Surface Area
0.1231
-0.2745
0.9591
-0.9090
0.8670
0.6214
0.7486
'Correlation with cation exchange capacity does not include the Keith soil.
suggested that clay minerals may be aggregated or attached to silt particles
within the silt fractions.
Conclusions
Brule siltstone and Gering sandstone outcrop in many areas of western
Nebraska and contain abundant volcanic glass, quartz, and feldspars that are
cemented together with smectite clay, silica, and calcite. The sediments were
eroded by forces ofnature, deposited elsewhere on the landscape, and stabilized
by vegetation where soil formation began. The mineralogy of the geologic
sediments appeared to influence properties of the Busher, Epping, Keith,
Mitchell, Otero, and Tripp soils.
The high contents of -15 bar water relative to the percent measured clay
were caused by the presence ofnondispersing andunmeasured smectite clay that
coated surfaces ofvolcanic glass shards and other minerals within the sand and
silt fractions of the Mitchell and Tripp soils and probably the Busher, Epping,
Keith, and Otero soils. The unmeasured clay contributed to whole soil CEC,
surface area, and content of -15 bar water. Better dispersion of smectite clays
of samples near the soil surface probably resulted from surficial weathering of
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the soils. The deeper and less weathered soil samples exhibited more cemen-
tation ofmineral grains as found in the geologic sediments.
The standard method ofparticle size analysis (pipette method) appears to
underestimate the clay content for western Nebraska soils that contain volcanic
ash. The method may therefore have to be revised to improve dispersion and
measurement ofclay particles in the sand and silt fractions. Alternatively, the
clay content could be calculated from measured values ofsurface area, CEC, or
content of -15 bar water. Since the total clay content affects various soil
properties that include the available water holding capacity (for plant growth)
and permeability ofthe soils to water, betterdata on total clay content ofthe soils
will lead to better understanding and management of these soils for suitable
agricultural practices. An example might include the proper timing and amount
of irrigation of crops on the Keith, Mitchell, and Tripp soils.
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